is a p-type material with a band gap of 1. 45 eV, ideal for photovoltaic conversion. Also it has a very high absorption coefficient, so that only a thin layer (�2 /lm) is required for almost total absorption. Thin films of CdTe and CdS, which form the p-n junction, can be deposited using a number of different methods and which lead to different structural and chemical properties of the layers. Deposition methods include close spaced sublimation (CSS) [2] which is the most commonly used method. CSS deposited films are the subject of this study. The cadmium chloride annealing process is known to improve the structural and electronic characteristics of the cell and this process is examined here. The heat treatment can be performed in a number of ways but results in similar outcomes, which normally includes an increase in grain size; grain boundary passivation and inter-diffusion at the CdTe/CdS heterojunction, causing a lower lattice mismatch [3] . Reduction in grain boundary area is considered better for the cell performance as this will reduce areas prone to become recombination centers or electrical barriers [4] , while passivation of grain boundaries also works in a similar way.
II. EXPERIMENTAL
The thin film CdTe cells were deposited using close-spaced sublimation on NSG-Pilkington TECIO fluorine doped tin oxide (FTO) coated on 3 mm soda lime glass in a superstrate configuration as shown in Figure 1 . The films were deposited in an all in one vacuum process, the substrate was passed though different chambers at 40 mTorr vacuum, held a few millimeters above graphite boats. The boats were heated to 650°C with the different materials, which then sublimed onto the inverted substrate. Two samples were examined in this study; one underwent a previously optimized post deposition annealing cadmium chloride treatment. The treatment was carried out in vacuum following the layer deposition, cadmium chloride was sublimated to a thickness of �3 /lm, and then the sample was heated for 8 mins at 400°C in a 2% oxygen atmosphere, causing the cadmium chloride layer to evaporate, this was followed by a copper doping process by sublimating CuCI onto the CdTe layer [5] . The efficiency of this cell was measured to be 1l.8%. The second cell was deposited using the same conditions but was not subjected to the cadmium chloride treatment. The efficiency of this cell was measured to be 0.1 %.
These two circular small area Backscatter Diffraction (EBSD) camera. Since the surfaces of the samples were rough the ion beam was used to smooth the surface of interest prior to EBSD analysis. EBSD maps were collected using a high current (nominally 10 nA) at 20 kY. A Bruker D2 X-ray Diffractometer was used to carry out all the X-ray Diffraction (XRD) measurements. A Thermo Scientific K-Alpha X-ray Photo-electron spectroscopy (XPS) system was used for depth profiling, using standard relative sensitivity factors to calculate atomic concentrations. The J-Y measurements were carried out using a Pasan simulator 3B.
III. RESULTS

Grain morphology
Surface and fracture cross sections were examined using FEG SEM to provide details of the surface morphology of the CdTe before and after the cadmium chloride treatment. No surface cleaning process was used. The micrographs in Figure 2 compare the untreated and the cadmium chloride treated CdTe surface. These show that the cadmium chloride treatment causes little effect to grain size. This observation is consistent with previously reported studies [6] [7] [8] [9] [10] [11] . TEM analysis was used to study the grain structure of these samples in detail. Figure 7 and the other in the CdTe layer. The two points for these chemical spot analyses are identified in Figure   7 . The spectra show a clear chlorine peak, and lower cadmium and tellurium peaks in the chlorine rich area.
Elemental analysis
Grain boundary segregation
TEM and EDX analysis was also carried out in the region of grain boundaries. As most of the chlorine is observed in regions along the CdTe/CdS interface, the chlorine must diffuse from the top surface of the CdTe to the interface during the heat treatment and this is further confirmation that the likely route is from the surface through the grain boundaries to the interface.
Electron back-scatter diffr action (EBSD)
Electron back-scatter diffraction (EBSD) requires a very smooth surface for effective microstructural mapping.
Therefore to analyse the surface of the CdTe directly a section of the surface was smoothed with a Focused ion beam. The result of this sample preparation is shown in Figure 11 and this provides an adequately smooth surface for EBSD. The XRD analysis shown in Figure 13 was carried out to show the effect of the cadmium chloride treatment on the CdTe layer. The XRD analysis shows that although the same peak positions are present, their relative intensities a � e di�ferent which is indicative of a change in the preferred onentatIOn of grains in the two samples. J-V Characteristics of the treated and untreated cells.
The current-voltage curve in Figure 16 shows the substantial change in electrical performance after the cadmium chloride treatment. Before the treatment, an efficiency of 0.1 % was measured, which increased to 11.77% after the treatment as is shown in Table 1 . Table. 1. Electrical performance of the treated and untreated cells.
IV. CONCLUSIONS
The motivation for this work is to further understand the effect The primary and unexpected observation is that the untreated CdTe contains high densities of stacking faults and that these are completely removed by the cadmium chloride treatment.
This important observation has not been reported previously.
Stacking faults in the untreated material have been previously observed [6, 7, 11] but the effect of their total removal during the cadmium chloride treatment has not been reported. 
